Increasing attention is being paid to the building sector due to its importance in the climate change debate. In recent years, a growing literature on the price premium paid by consumers to access more energy efficient and sustainable buildings has emerged as a common topic in hedonic model estimations. In this paper, we aim to provide a summary of this literature by conducting a metaanalysis of more than 50 studies from around the world. In this way, based on a random effects models and weighted OLS robust clustering estimations, we offer an average estimation of the price premium accepted by economic agents (in terms of sale prices) in order to enjoy energy efficient and sustainable buildings. This supports the argument that investing in building refurbishment is worthwhile and economically relevant. However, our data seem to show a major publication bias. Correcting for this bias leads us to halve the original estimation (from 8% to 4%). In addition, we analyze the sources of result dispersion by performing a meta-regression using different moderators (type of publication, bibliometric variables, sample analysis period, econometric method, etc.). We also carry out different statistical tests and use alternative selection criteria in order to check whether our estimations are robust. Finally, we make recommendations for future hedonic studies as well as for upcoming metaanalyses of the green building premium.
INTRODUCTION
In recent years, academics and policy-makers alike have taken a growing interest in environmental issues relating to green building (Kok et al., 2012) . Today the building sector accounts for 40% of global final energy consumption, 30% of global greenhouse gas emissions (UNEP, 2016) , and an equally large share of raw material consumption (Eichholtz et al., 2010) . Considering both the increasing size of dwellings and the growing proportions of the service sector (Chotard et al., 2011) , it is to be expected that buildings will contribute substantially to increased energy demands. At the same time, as reported by Eichholtz et al. (2010) , energy costs may account for as much as 30% of office building operating costs. In this context, building refurbishment or green building construction may serve as a tool with which to cut discounted costs and generate asset value.
Green value (or green premium) can be defined as enhanced real-estate value derived from improved environmental performance (CERQUAL, 2011; Chotard et al., 2011) . This environmental performance combines a complex set of green characteristics which varies with the intended purpose of the real estate. In the real-estate sector, green building means lower energy consumption, enhanced comfort, shorter unoccupied periods, and a longer lifetime. In the office sector, in addition to reduced energy consumption, green buildings mean lower staff turnover, greater productivity, and less absenteeism (Dwaikat and Ali, 2016) . Furthermore, the adoption and development of green buildings may project a favorable image of a company for its customers and trading partners. Therefore, green building premiums cannot be equated to mere capitalization on energy savings through improved energy efficiency. We need to better identify the sources of value deriving from other real-estate characteristics in order to provide investors and consumers with a greater appreciation of green building. The stakes involved in this valuation may call into question public policies of eco-label development as well as their purposes.
One way to generate and synthesize information about the green characteristics of a good may be to develop and promote green labels. The United States, 1 Japan, 2 and Hong-Kong 3 have been precursors in the development of global green labeling. In contrast, parts of Asia 4 and Europe 5 have been slower to develop their own labels. We also observe differences between regions in the way they manage the development of green labels. For example, Europe has mostly supported the development of mandatory labels using regulation while voluntary labels have been privileged in other part of the world. Whether voluntary or mandatory, most of these labels have proved highly successful. For instance, in the tertiary sector, a voluntary label such as Energy Star saw the number of its labeled buildings surge from 86 to 4400 between 1999 4400 between and 2010 4400 between (Kok et al., 2012 ). This acceleration is also supported by the accrediting agencies. LEED reports that it certifies more than 17,000 square meters per day (LEED, 2016) .
In view of this surge, many academics have sought to determine whether or not the green characteristics associated with a building are valued by the market. If so, is this green value enough to trigger and motivate building refurbishment and green building construction 6 ? Finally, do any starting conditions need to be met to ensure the development and spread of green values throughout the market?
To answer these questions, the economic literature has produced a broad spectrum of empirical analyses over the last two decades. Nonetheless, the results associated with these analyses cannot be interpreted independently of their real-estate sector, country, time period of analysis, or the methods employed to ascertain these values. Most of the literature seems to confirm there is a green premium for buildings. But while most studies indicate a significantly positive green value, the economic literature shows a very broad spread of values, precluding any consensus. For instance, Mudgal et al. (2013) report a negative green value (-10%) while Ramos et al. (2016) measure a green premium of nearly 50%. At first sight, it might be thought that this heterogeneity is an artifact of the temporal or regional context, but this discrepancy persists when we observe results for the Unted States alone, with the study by Rahman (2014) supporting a small negative green value being a far cry from the 42% reported by . In this context, neither generalization nor synthesis are easy tasks, especially using the conventional narrative review.
Instead, we can set about -the analysis of analysis‖ (Borenstein et al., 2009; Glass, 1976) , that is, meta-analysis in order to reach a conclusion. The green value of buildings is currently subject to such surveys and applications.
To our knowledge there have been only two attempts to perform a meta-analysis of the willingness to pay (WTP) for green buildings (Ankamah-Yeboah and Rehdanz, 2014; Brown and Watkins, 2015) . The first study reaches the conclusion that the WTP for green buildings is nearly 7.6% more higher than for traditional buildings. With a really more restricted sample (20 studies), the second study get a weighted average effect size of 4.3%. Despite the great interest of these unpublished works, we have still caveats about the result found in these studies. First, the second meta-analysis only show the weighted average effect found in literature and omits the possibility to explain the dispersion via a meta-regression. Second, the two studies only use one model: multilevel random effect model for the first one and random effect model for the second one. Third, they offer no test of publication bias and do not take into account the possibility that the final result could be affected by this phenomenon. Fourth, they explore a limited number of moderators: 17 and 5 respectively.
In this respect, we propose in this paper to overcome the limitations of ongoing studies by increasing the number of references (54 studies), by dealing with the presence of duplicate results, by introducing a larger set of moderators and by analyzing, estimating, and correcting the publication bias affecting this literature. Our contribution to the literature on green premium building is threefold. First, we show that the detection and correction of the publication bias present in the hedonic green value literature leads to a considerable revision of the value ascribed to the green premium (from 8% to 4%). Second, by exploring more than 30 moderators, we suggest that the inclusion of spatial and environmental variables in hedonic models leads to very different outcomes. Third, we examine the impact of the economic crisis on changes in the green building premium.
The data and inclusion/exclusion criteria are presented in the next section. Then we outline what a meta-analysis is and provide an explanatory statistical analysis. In the third section, we explain the methods used in this paper, especially how to deal with the dependence effect, outliers, and multicollinearity, and how to detect and correct for publication bias. In the fourth section, we show that the additional value of green labeled buildings is likely to be about 3.5-4.5% of the building price, once the publication bias is removed. The introduction of moderators such as geographical area, type of literature (published or not), and the inclusion of spatial and environmental characteristics in the econometric regression seem to explain much of the heterogeneous character of the results. In the fifth section, we discuss the robustness of our results and suggest some further research for future hedonic studies and meta-analyses. We draw a conclusion in the sixth section.
DATA AND PROCESSING METHOD
Conventionally, narrative conclusions and/or statistical facts are derived from a body of literature. Likewise, meta-analysis aims at summarizing studies of a specific issue. But meta-analysis seems to outperform conventional narrative review because it is transparent, comprehensive, objective, and replicable (Borenstein et al., 2009; Laroche, 2012; Stanley, 2005) . In order to ensure the meta-analysis is transparent, authors must clearly state their weighting system as well as their study inclusion and exclusion criteria. To be comprehensive, the meta-analysis must include all those studies that meet the inclusion criteria. Although each researcher may have some inborn or acquired a priori judgments, a transparent meta-analysis means that results are replicable and the science objective. Last but not least, a meta-analysis can check and correct for any potential publication bias affecting the literature. This paper has been calibrated to meet the meta-analysis standardization principles provided by Nelson and Kennedy (2009) in Environmental and Resource Economics and by Stanley et al. (2013) in the Journal of Economic Surveys. When observed, these principles enable us to determine both whether the green value of a building is significantly different from zero and the strength of this effect. In the more refined version of metaanalysis, we are also able to explain the dispersion of results arising from the characteristics of the studies. To do so, a set of explanatory factors, termed moderators, is collected for each study.
(i) Data collection and processing
More specifically, the effect size -statistics which measure the strength of the effect -studied here is the premium attached to a green or energy-efficient building certification. Most of the economic literature is based on the hedonic price methodology, formalized and standardized by Rosen (1974) in the following form:
With s dwellings included in the studies, p is the dwelling price, E is a dummy variable attesting to the green certification of the building, and X a matrix of the other covariates affecting price (building characteristics and environmental and geographical variables). The parameter of interest is . The variable E, which represents the energy performance of a building is often measured by a label. A distinction is made between two types of label. For simple labels (e.g. LEED Certified) we collected the parameter associated with the first level of certification. For mandatory labels providing different levels (e.g. EPC), we systematically compared level A (B in the absence of A) and level D. This comparison is supported by two facts. First, this comparison is the most widely used specification in the literature and is therefore widely available. Second, this comparison may meet the public perception of the difference between the best building rated A for environmental performance and the average building rated D for performance (most common label in the European building stock).
The following keywords: -energy efficiency premium building OR housing‖, -green housing value OR appraisal‖, -label premium housing OR building‖, or -hedonic valuation of green housing OR building‖ were systematically used to identify studies falling within the scope of the meta-analysis. We checked the outcome returned by several bibliographic databases: Science Direct-Elsevier, Jstor, Emerad, Cairn, Springer, Wiley-Blackwell, Web of Science, Business Source Premier, EVRI, Google scholar, and Google. In order to be included, the analysis had to meet several inclusion criteria:
o Only studies published after 2000 and written in English or French were considered. o The analysis had to explicitly provide exclusive and quantitative results about the green premium value. o The study had to cover the building sector (dwellings and office buildings) except for the primary and secondary sectors. We deal with the heterogeneity coming from this mix in the robustness analysis of the paper. o The study had to mention the use of hedonic price methodology which excluded either stated preferences or economic computations but also studies based on rental prices or occupancy rates. We are aware of the existence of studies using stated preference as well as rent prices in order to assess the green value of buildings. However nearly all references related to metaanalysis reviewed in the paper [Laroche 2012, p.23; Borenstein et al. 2009, p.359 ] discourage to mix studies using different designs (i.e. stated preference and hedonic valuation). In addition, the meta-analysis guidelines of Nelson and Kennedy in ERE (2009) underline the failure of past meta-analyses to provide separate analyses of hedonic valuation and stated preference. Concerning rents, we chose to not include the estimated rent green value for multiple reasons. First of all, renters don't have the same goals and the same thinking process as owner occupiers. We could expect that for instance the comfort is not as interesting for a renter. Also, concerning renting, we are confronted to the split incentive issue; the owner pays but the tenant benefits from the investments, resulting in fewer incentives to adopt green building (Charlier, 2015) . While we can consider that there is a weak relationship between rents (occupation prices) and housing prices, we must also recognize that the former has other determinants that make the comparison very difficult (for instance the price to rent ratio can be very volatile over time). Overall, effect-sizes associated with rents and housing prices are not directly comparable because they do not value the same object (at least temporally speaking). o Duplicates were systematically removed by excluding working papers and other grey literature in the event the work was available in a later version published in a peer-reviewed journal.
When data were incomplete (usually the standard-error), we sent an email to the authors. In some cases, the authors did not answer our queries and so, following a precise methodology, we imputed the standard error for 14 observations 7 (table 1) . The whole process is described in the appendix to the paper (Table 8 ). At the end of the process, 54 studies met the criteria described above. According to Stanley and Doucouliagos (2012) 8 , this figure is higher than in most meta-analyses in economics. Nonetheless, in this paper we present only the results derived from the non-imputed data.
9 Of these 54 studies, 36 provide one estimate while the remaining 18 studies offer more than one estimate. Table 1 summarizes the observations for the entire sample depending on the number of estimates in the study and the presence or absence of an imputed standard-error. Our meta-analysis covers 20 labels and 19 countries around the world during the period 1996-2015 (see table 2 ). 10 Overall, research on green building value began in North America and then spread to Europe and Asia (figure 2).
11 However, since 2011, the number of studies related to the green premium of building has stabilized. 7 One possibility for allocating missing standard errors is to estimate the following relationship on the remaining data: ln = + × ( ) and then use it to predict missing data. With Se the standard-error and ES the effect size. 8 Of 87 meta-analyses reviewed by Doucouliagos and Stanley (2013) , the median of the number of analyses covered is 36 and the mean 41. 9 The full results for the non-imputed and imputed data are available upon request. Considering the issues that may arise from the use of this methodology, especially in the interpretation of the publication bias test, we decided not to reproduce them in this paper. 10 Here, the time period of analysis associated with the hedonic studies. The oldest study is from 2007. 11 Full details are available per year and per country in the appendix.
Figure 1 Spatial and temporal distribution of the studies in the dataset
Following equation (1.1), we selected the impact of a green label on building price as the effect size of the meta-analysis.
In order to obtain a comparable measure, we systematically applied the transformation described by Halvorsen and Palmquist (1980) 12 :
can be interpreted as a percentage when multiplied by 100 (for instance, 0.12×100 = 12%). In this case it means that, all other things being equals, economic agents tend to valued green buildings 12% more than traditional buildings in terms of price.
In a linear model, the premium (in $ or €) is expressed as a share of the average building price of the sample.
(ii) Moderators
In order to assess the importance of several characteristics of the studies in the dispersion of the effect size, we encoded the information related to 32 potential moderators (see table 3 ). These moderators can be split into four categories: study characteristics, label characteristics, data characteristics, and regression methodology. General trends can be observed in a preliminary analysis which can be very informative as to the direction taken by the research.
For instance, spatial variables (distance, localization, or amenity) seem to be included less in more recent models (Figure 2 ). The difference in the average year of publication of the studies integrating these variables and the other studies is significantly attested by a test for equality of means (one year). The studies including spatial variables are thus older than the other analyses (t-test = -2.31, P-value = 0.0235). The change in the ratio between the two types of studies also follows a significant downward trend. Nerveless, the introduction of spatial variables in hedonic estimation matters at least for two reasons. First of all, the price of a dwelling is impacted by its nearby amenities and its location in the 12 We are aware of the debate over the transformation and interpretation of a dummy variable in a semilogarithmic model. This is why we have replicated the methodology with the other transformations described by Giles (1982) and Kennedy (1981) and without transformation. It only marginally changes our results (third digits after the decimal point). city. Numerous illustrations are given by urban economic models and empirical studies. As a consequence, some geographical variables such as the presence of environmental, social or cultural amenities in the neighborhood of the dwelling, the distance to the major places of employment, the distance to the railway stations or to airports, are commonly included in price hedonic regressions. If a study doesn't control for such determinants, then the green value could get mixed up with some spatial effects. Second, the price of a dwelling is not set up independently from the prices of neighboring dwellings. This effect is known as a spatial effect (Anselin and Lozano-Gracia, 2009 ) which takes two forms: spatial autocorrelation when we observe that prices tend to be similar inside a district of the city, and spatial heterogeneity when we observe a geographical concentration of high prices in some parts of the city and a concentration of low prices in other parts of the city. Spatial effects could lead to inefficient estimators and have to be controlled for in hedonic regression by spatial econometric estimations. In the case of our topic (green value), one could be interested in spillovers effects and spreading of green values and green characteristics over the city.
In addition, we do not observe a breakthrough with matching techniques. Studies using these techniques were in a minority whatever the year studied (see table 4 : 32% of the whole dataset). The use of matching techniques in hedonic regressions -which are, however, recommended -do not increase over time (see Figure 3) .
Furthermore, the average number of authors per study follows an upward trend. This probably reflects the increasing sophistication of the studies and the cooperation needed in order to collect the data and perform an original analysis (see Appendix 2).
Recent and current studies focus more on office buildings ( Figure 5 ).
Lastly, it seems that the most cited studies in our sample are: (i) published in prestigious high ranking reviews (American Economic Review, Journal of Environmental Economics and Management…) or (ii) precursors to the eco-premium building issue (see network graphs in appendix 3 and 4). Nonetheless, these studies cited by the major part of the literature are neither the most precise nor the less biased studies (Figure 4 and appendix 5). Indeed, the studies cited by more than 50% of our sample are all included in the first quartile of precision (lowest precision). Conversely, the studies with the highest precision (highest precision quartile) are only cited in average by 5% of our sample. These conclusions don't change when we take the SJR or the Impact factor of the review publishing the studies of our sample (see appendix 6). This observation is in line with the book on meta-analysis by Stanley and Doucouliagos (2012) . This also underlines that citations (or journal rank indicators) are probably not a good proxy of the quality of study or at least of the precision quality of outcomes. [2014] 1 ES+LEED USA Miller et al. [2008] 2 LEED USA Mudgal et al. [2013] 7 EPC Various countries Newell et al. [2014] 1 NABERS Australia Pivo & Fisher [2010] 1 ES USA Rahman [2014] 2 Note: Label acronyms are explained in the appendix. 
METHODOLOGY OF ESTIMATION
Generally, estimating the effect size of a meta-analysis involves considering and fixing three types of issues (often addressed in the literature), namely: the treatment of the dependence effect (several estimates in one study), multicollinearity, and outliers. Moreover, the literature is often affected by a publication bias which is rarely covered in meta-analyses . In this section, we describe the methodologies used to address these issues. The general specifications of the estimation model are available on pages 13-14 (equations 5 and 8).
(i) Treatment of the dependence effect, multicollinearity, and outliers
Sometimes a study offers more than one estimate. It may be thought that the estimates of such studies share a common effect and that residuals derived from these estimates are auto-correlated. We employed different methodologies to address this issue. With multiple estimates from different specifications, we selected the authors' preferred choice (when indicated) or the estimate from the model with the most control variables. If the study offered more than one estimate due to different labels, we used four types of methods 13 (a-b-c-d):
(a): After eliminating all studies providing more than one estimate, we estimated the following specification via a random-effect model (Hedges and Olkin, 1985) (moderators were dropped for simplicity):
Where ES is the effect size, 0 the overall mean, the error term, and the study specific random effect.
(b): Random sampling of one estimate per study, then estimation of the specification described in equation 3 and replication 10 000 times. The median and superior and inferior percentiles were recovered from the replications.
(c):
Use of a random effect multilevel model separating the level of estimations from the level of studies. This model can be specified as:
Where ES is the effect size of the observation i and the study g, 00 is the overall mean, and the error terms are distributed under the following laws , ~(0, ), , ~(0, 2 ), 0, ~(0, 1 ). 1 is the between-study variance while 2 is the between-unit variance. The estimators of the different variances were obtained from the Restrained Estimator of Maximum Likelihood (for more details see Konstantopoulos, 2011) .
(d):
Estimation by the weighted OLS with robust clustering standard error. Some authors such as Stanley and Doucouliago (2015) clearly advocate this method, claiming it is more robust and efficient than the random effects model. Conversely Nelson and Kennedy (2009, p.358) argue that no reason exists to prefer clustering methods to hierarchical multilevel methods. This is why we estimate the two models.
Multicollinearity between moderators was checked with the correlation matrix and by computing the Variance Inflation Factor (VIF). Variables with a VIF greater than 10 were not simultaneously introduced into the model. For instance, considering the near perfect intersection between the -Europe‖ and -Mandatory‖ variables, the VIF rule prevented them from being used at the same time.
Variables were selected by a general to specific process.
Several measures were employed to handle heterogeneity, namely the Cochrane Q statistics (excess of variation beyond the sampling error), the estimator of the between study variance T, and the I² proposed by Higgins et al. (2003) .
To prevent outliers greatly affecting the results, we applied the methodology described in Viechtbauer and Cheung (2010) . This methodology uses the Cook distance, the value of standardized residuals, and the influence of each observation on the average prediction of the regression model. In our case, implementing this method led to three observations being rejected. Two of them had very high values (0.49 and 2.97) and the third outlier (0) was based on a study including only one green certified building. All three outliers were from two Europeans studies.
(ii) Identification and correction of publication bias
The possibility that scientific literature is skewed by publication bias has long been a recognized phenomenon in medicine and psychology (Begg and Berlin, 1988; Rosenthal, 1979) . In economics, the seminal paper by De Long and Lang (1992) suggests that even a careful review of the existing literature does not provide an accurate view of the topic if the literature reflects a selection bias, especially the file drawer problem related to the exclusion of non-significant results. In addition, Doucouliagos and Stanley (2013) have shown that publication bias without being systematic, could affect nearly two-thirds of topics.
Two main forms of bias have been identified. Type I bias, or direction bias, is characterized by a censoring of results, which depends on the -expected‖ direction of the effect size. Some academics often call this phenomenon dogmatic bias or theory bias (this may also be related to the orientation of the journal's editorial board). Type II bias or significance bias occurs when a study has a better chance of being submitted and/or accepted if significant results and/or high effect sizes are reported. Less discussed, research bias consists of choosing research or research protocols in such a way that there is a better chance of deriving significant results (Gurevitch and Hedges, 1999) .
In this context, it could be relevant to include unpublished papers or grey literature 14 in the metaanalysis. That such results are not published does not necessarily imply poor quality work for several reasons. First, not all research is intended for publication in academic journals, especially that supported by private institutions, firms, think-tanks, and governmental agencies. Second, the study author may not want to pursue an academic career (case of thesis work). We were careful not to exclude grey literature from our meta-analysis. This precaution is reflected in the high unpublished paper rate (33%) of our work compared to other meta-analyses. Nonetheless, as observed by Stanley (2005, p. 337) , grey literature is also likely to be skewed because many working papers remain motived by publication incentives. In such circumstances, the authors of working papers have incentives to present skewed results (bias of type I or II) in order to increase their chances of being published.
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In all cases, meta-analysis must include an analysis relative to the detection of a potential publication bias to avoid unreliable results. In this part, we describe the different tests employed to identify a publication bias.
Considering that the authors of small studies obtain high standard errors, they tend to seek and promote specifications that reject the null assumption (insignificant parameters). All other things remaining equal, they tend to provide high values for the parameter associated with the effect size (in order to have a t-stat higher than 1.96). This is why most of the following tests try to determine whether there is a link between the effect size and its standard error. (Card and Krueger, 1995) :
Funnel Asymmetry Testing (FAT) aims at estimating the following relationship
with , the effect size, and , its standard error. To compensate for high standard errors, small studies look for the specification that leads to a high effect size and a significant associated t-stat. However, as most studies are characterized by various sample sizes and modeling, the residuals are often highly heteroskedastic (Stanley, 2005) . Therefore, we generally preferred equation 5 to equation 4:
FAT aims at testing the null assumption of the absence of publication bias ( 0 = 0). The positive or negative sign indicates a right-side and left-side bias and can be interpreted as an index of the asymmetry of the funnel graph (Egger et al., 1997) . At the same time, we can also test for the absence of an authentic effect beyond the publication bias ( 1 = 0). 16 This last test is known as Precision Effect Testing (PET) and has a high statistical power (Stanley, 2008) .
Another way of identifying the publication bias is based on Meta-Significance Testing (MST). This test uses the expected relationship between the Student statistic of a parameter and the square root of the degree of freedom of the estimation (df):
where α 1 = 0 when there is no authentic effect (null assumption) and α 1 = 1 2 when the statistical relationship theory presented above is observed. It is conventional to test whether α 1 >0 in order to check the presence of an authentic effect beyond the publication bias.
The Publication Biais Filtered Effect (PBFE) is very similar to the FAT-PET because it uses a correction of the dependent variable and then checks for the presence of a genuine effect ( 1 ≠ 0):
Other non-parametric methodologies have been employed such as the Rank Correlation Test (RCT) based on a rank correlation (Spearman) and proposed by Begg and Mazumdar (1994) , but also the Mean PET Estimator (MPETE), which is less affected by a downward bias than the PET estimator (Stanley, 2008) . We also reproduced the Trim and Fill methodology described by Tweedie (2000a, 2000b) . Unlike the usual statistical wisdom whereby a larger sample often leads to a better estimation, in meta-analysis, Stanley et al. (2010) recommend instead discarding 90% of the less precise data in order to avoid publication bias. It is along those lines that we also computed the top 10% index which is the mean of the 10% most accurate studies. Finally, we proposed a cumulated meta-analysis where studies (and effect-size) are sorted by increasing standard error. This methodology is often a good and efficient way to perform a visual check for publication bias (Borenstein et al., 2009; Nelson, 2013) .
After identifying publication bias, we estimated an extended form of equation 5 including moderators of the effect size as described in Doucouliagos and Stanley (2009):
Where 0 is the parameter associated with the publication bias, the set of variables impacting the publication bias, 1 the effect-size, and the moderators linked to the effect-size (control variables).
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RESULTS
In this part, we present the estimates related to green building value with and without removing publication bias. In a second subsection, we also explain the heterogeneity of results by introducing several moderators.
(i) Estimation of effect size without moderators and impact of publication bias
The visual interpretation of the funnel graph and radial graph can be a good way both to observe the dispersion of outcomes and to assess the possibility of an asymmetric pattern associated with a publication bias. As shown in figure 6, study outcomes mostly concentrate on the 0-10% range. Nonetheless the distribution of green building value estimates seems to be skewed to the right. The same applies to published and unpublished results alike. We better understand why a simple regression is likely to be biased and dragged to the right by inaccurate studies. The radial graph (figure 7) is another visual test and could be seen as a graphical analysis of the FAT-PET (equation 5). Here, t-stats of the coefficients of the green building value are expressed as a function of the precision of the studies. We note that more very small studies (75%) have t-stats exceeding 1.96. In other words, with a near zero precision, the t-stats associated with the coefficients of small studies should be centered on zero. Therefore, the positive intercept (2.15) of the distribution indicates a publication bias. In addition, the cumulative meta-analysis which shows the mean effect as a function of increasing standard error also moves in the same direction (figure 8). At first sight, our case of publication bias seems to be related to both direction bias (few small studies offer negative green building values) and significance bias (many small studies have significant results due to the high value of their effect size). However, we need to take the analytical tests further in order validate these initial comments. 
Note: N=29(A), 53(B), 64(C). t-stat or z value in parentheses.
For specifications using random effects, the Knapp and Hartung (2003) Unsurprisingly, the FAT and the TRIM and FILL methodologies validate the presence of publication bias in almost all cases ( 0 ≠ 0 and p-value<0.1). According to the figures suggested by Doucouliagos and Stanley (2013) , a 0 value between 1 and 2 denotes a large selection bias (while a 0>2 indicates severe publication bias). Another way to confirm this publication bias is to compare Ci.high the top 10% most precise studies (5.13%) to the average value of the whole sample (12.04%). In these circumstances, ignoring publication bias leads to skewed conclusions for the green building value. Our results also support the suggestion of Stanley and Doucouliagos (2012, p. 47 ) that random effects (7.84%) are more skewed than fixed effects (4.99%) 18 in the presence of publication bias.
The genuine effect remains discernable beyond the publication bias as demonstrated by the PET, MST, and PBFE tests. The whole set of coefficients are significant but the authentic effect of the green building value seems to be much lower than expected (4-5% versus 12%). 19 These results are consistent with the work of Stanley claiming that most empirical economic facts are exaggerated due to the result selection process Doucouliagos and Stanley, 2013) . Overall, a first conclusion can be drawn: at the first sight (without controlling heterogeneity via moderators) the literature seems to indicate that green label buildings tends to increase the WTP of economic agents by 3.5% to 4.5%. These conclusions (publication bias and weighted average effect) do not change when we restrict our sample to published studies by the exclusion of unpublished papers (see appendix 9) 20 .
Moreover, most models show that heterogeneity persists despite the correction for publication bias. Both the Cochrane statistic (Q (df=63) = 1826, p-value < .0001) and the I² (>99%) confirm it is worth going beyond this simple specification by integrating moderators.
(
ii) Meta-regression with publication bias correction and moderators
The use of the general to specific selection process leads us to promote the model described in table 6 (specification [1]). In this specification, the reference class corresponds to an unpublished American study using OLS estimation focused on dwellings in the year 2007. We can observe that the genuine effect associated with this reference class is significantly positive and very close to the estimate without moderators (3.02% versus 4%).
Geographical disparities absorb most of the heterogeneity in the data (nearly 12% of partial R²).
Estimates based on European samples are on average 12 points of percentage higher than their North American equivalents. Maybe the recentness of the Asian green building market explains why the green value is still 5.5 points higher than in North America. These high geographical disparities may arise from the regulatory context relative to the type of label (mandatory or voluntary). Indeed, most mandatory labels are to be found in Europe while other regions clearly promote the use of voluntary labels. Unfortunately, considering the high coefficient of correlation between the two variables (r=0.9 for -Europe‖ and -Mandatory‖), this confounding effect cannot easily be removed.
With more moderate partial R² (between 2 and 4% for each variable), publication in a peer review journal, the sector studied, and the spatial characteristics of the regression also affect the estimation of the green building value. More specifically, all other things being equal, studies published in peer review journals seem to provide lower values than unpublished studies (-7 percentage points). In contrast, certified office buildings appear to be more value-enhanced than private dwellings (+8 points). Those firms are more willing to pay for goods and services than individuals are may be one explanation for this outcome. In addition, accounting for the size of the parameters, the introduction of the space and environment of the building into hedonic models is likely to play an important role in determining green building values. In particular, when considered in the model, distance impacts green building values negatively (-5 percentage points) while environmental amenities (+3 points) or the precise localization of real estate (+9 points) tend to raise green building values. The sign of the -distance‖ parameter suggests that green buildings are closer to the central district or to efficient transportation networks. Ignoring this variable leads to an overestimation of the green building value which is confused with the building's access value. Moreover, it can be assumed that the precise localization of the building tends to increase the green premium due to more refined geolocated discrimination of green buildings. The same applies to the introduction of amenities which allow better differentiation between the value from local amenities and the value of green building. The concentration of this type of good requires fine-grained discrimination at the local level in order to distinguish the different effects. The use of models integrating space and incorporating spatial data (even geographic information systems) is likely to be necessary for an efficient interpretation of the impact of intrinsic and extrinsic building characteristics on real-estate prices.
Lastly, three others factors, namely the type of estimator (OLS or other methods), the treatment of heteroskedasticity, and the time period of analysis have been selected although their explanatory power is lower (partial R² less than 1%). More precisely, studies that prefer OLS estimates derive on average 2 percentage points more than other studies. More surprisingly, studies using robust heteroskedastic estimators have higher green building values (plus nearly 2 percentage points). Finally, we observe a low but significant downward trend of the green premium over time (-0.7 percentage points per year). Three different reasons can be suggested for this decrease. One assumption is that green buildings are developed over time and tend to be less scarce on the real-estate market and thus less positively discriminated and valued. A second assumption is that this decreasing trend is based on declining demand for efficient environmental building due to adverse market conditions. A third assumption is that publication bias declines over time and consequently leads to outcomes that are less skewed to the right, so causing a decreasing trend in the observed green premium. Knapp and Hartung (2003) standard error correction has been employed. *** denotes significant at 1%, ** 5%, and *10%.
DISCUSSION AND RECOMMENDATIONS
These main results suggest that it would be useful to consider two points for discussion. First, the robustness of these results can be questioned. We therefore explore several robustness tests to check the stability of the results. Second, it can be asked what can be taken away from our work and what kind of recommendations can be made. This will be addressed in a second subpart.
(i) Robustness and impact of the 2008 crisis
Like Doucouliagos et al. (2012) , we decided to replicate the analysis with different models (REML and clustered WOLS) and various subsamples in order to assess the robustness of the results. For instance, column 2 replicates the methodology with imputed data and outliers (n=78 versus 64 in specification 1); column 3 corresponds to a similar subsample estimation of (1) and outliers; and in columns 5 and 6, we withdrew respectively the 10% most and least precise studies from the original sample. As can be seen from table 6, our estimates are only slightly impacted by the change in subsample except for the -treatment of heteroskedasticity‖ and -time period‖ moderators, which are non-significant in 4 and 3 out of 10 configurations.
It would be interesting to examine the impact of the 2008 real-estate crisis on the estimations of our model. Real estate strongly and lastingly affected the price level of transactions throughout the markets included in our database. It is also to be feared that the financial crisis following the subprime crisis weakened the possibility of investment in green building and so modified the behavior of economic agents. Therefore, we need to ensure that the coefficients of our model are stable over time and especially throughout the economic crisis. With this aim in mind, we performed a Chow test on all the coefficients of model (1). The sample was subdivided into two parts. One for studies with a period of estimation before 2008 (pre-crisis period) and one for analyses with estimations starting in 2008 (post-crisis period). In our case, the value for the computed Fisher test is less than the theoretical Fisher value, indicating the non-rejection of stability of the coefficients of the model (F*= 1.137, pvalue = 0.3594). Therefore, the previous test does not support the assumption that the crisis led to a fall in the green building premium. But if we delete the variable capturing the temporal trend (i.e. Period) and do the same test, then we reach the opposite conclusion (F*=2.26, p-value = 0.03). Therefore, we think likely that the temporal trend captures a crisis effect although this effect must be confirmed with alternative methods (hedonic valuation using panel data).
Some academics expressed concerns about the heterogeneity linked to mixing the effect of WTP for dwellings and offices. In addition, although many specialists of meta-analysis recommend to introduce a high share of grey literature (Nelson, 2013; Stanley and Doucouliagos, 2012) , others suspect that this important share of unpublished papers is the source of the publication bias found in this paper. This is why we perform separate analyses for dwellings only and for published papers only. In the two cases, it does not change our results (see specifications 6 and 7). Finally, the main source of concerns is probably associated with the heterogeneity between the labels. As we cannot introduce too many dummies variables, we use an intermediary solution by coding three dichotomous variables for the main labels of our sample (Energy Star, LEED and Energy Performance Certificate = 70% of sample). Two of three of dichotomous variables are non-significant while the last one (EPC) is significant (specification 8). This alternative specification only changes the coefficient of Europe falling from 12.92 to 8.03. In fact, the sum of the regression coefficient of EPC (4.28) and the new coefficient of Europe (8.03 ) is approximately equal to the old coefficient of Europe. It indicates the difference between a green label in Europe (like the BREEAM label) and the EPC and shows that EPC is more valued than local green labels in Europe. Because most of reviewers of this paper has offered to include and control the effect of income and temperatures, we check their impact on green building value in the full model (specification 9-11). Unfortunately, results are associated with high multicollinearity (VIF>50) forcing us to explore their effect in a more parsimonious model (specifications 9'-11') . In this last model, positive signs associated with the income and temperature range are in the line with the expected effect. Conversely, it's seems that mean temperature is positively linked to green premium building which involves that cooling needs are more valued than warming needs. This last result should be considered cautiously due to the weak significance of the coefficient. Overall, the effects related to income and temperature seem to be quite low, less than one point of percentage. This means that the observed spatial heterogeneity could come from other factors.
More critical, a study by Healy and Clinch (2004) based on 240 000 Irish households reports an important -information gap‖. Indeed, the authors show that despite high private and external benefits which outweigh the costs of energy-saving dwelling program by 3:1, 32.3% of households were not aware of the benefits of energy-saving measures while 19% of households even did not know their existence. In these conditions, price-based revealed preference model can only reflect the knowledge of economic agents about green buildings and absolutely not their full actual values. (
ii) Recommendations for future hedonic studies and new research avenues for meta-analysis
This paper suggests the relevance of the investment in green building both for new building and refurbishment. In both cases, the operation generates a supplementary asset value. Our analysis also supports the importance of cost savings capitalized in asset values thanks to energy efficiency. Nonetheless, this premium created by lower energy costs remains a subset of the total green value and it could be worthwhile to distinguish the part attributable to the former. The usual cost-benefit analysis for green building and CO2 cost abatement curves must therefore cover a broad spectrum of the benefit engendered by green buildings. Furthermore, our estimate of green building premium includes only monetary and non-monetary benefits captured by economic agents, while we know that green buildings generate many other positive externalities (primarily greenhouse gases). We have to keep in mind that green value in a broad sense is higher than our estimate.
As WTP of North American people seems to be very low, we recommend to use mandatory labels and/or the generalization of green buildings in order to capture the important external benefices associated with it. This could be a more effective way to avoid important social losses due to the inability of private economics agents to value the external benefices of green buildings. Conversely, firms have a higher capability to value green buildings maybe due to the important private benefices already mentioned in the literature (lower staff turnover, greater productivity, and less absenteeism…). This is why we recommend to avoid to target firms in case of green buildings public program support. Such joint public help (individual and companies) could lead to important windfall effects.
Considering the current shortcomings and in order to facilitate the replication of future meta-analyses, we recommend that future hedonic studies of green building values systematically report standard error (t-value or precise p-values). Of 54 studies, 13 hedonic price analyses (24%) fail to provide enough information to recover the precision linked to the estimate. Despite a high response rate (70%), most authors were unable to answer our queries favorably due to the unavailability of the data (lost data, technical failure, relocation, job change, etc.). Although we fully understand the different issues related to lack of space in scientific journals, we encourage reviews and authors to provide full estimates in the appendix of the publication or on the journal's website. In addition, in order to improve comparisons of results, studies should provide a letter by letter estimation when the label uses different categories. The reference class should also be the same (e.g. D for EPC). Several studies are in non-retrievable form due to this constraint (e.g. exotic classes like A/B/C/D versus E/F/G as main analysis). Of course, we do not exclude other models but to supplement rather than substitute for letter-by-letter estimations. This constraint is essential to ensure the reproducibility of science so dear to Karl Popper (1934) .
Furthermore, the inclusion of space through weighted spatial matrices or variables measuring the presence of nearby amenities seems to substantially impact the estimation of green building value. Yet we observe a decrease in the number of studies including spatial variables in favor of studies ignoring space issues. The low proportion of pure spatial studies (using weighted spatial matrix) can be explained by the difficulty in gaining access to these very specific and expensive data. This is why we recommend georeferencing transaction data but also including a large number of spatial variables (distance, amenities, accessibility, etc.). In the context where some of these bases undergo further development, we suggest that future hedonic studies perform those types of spatial analysis, at least as tests of robustness, for comparison with standard hedonic models.
Moreover, a substantial research effort should be made in order to highlight economic agents' willingness-to pay-for green buildings in emergent countries. Despite an intense research effort, many dead zones persist in countries where we expect an increasing energy demand -mostly in the form of natural gas, oil, and high-carbon electricity (IEA, 2013a) . Given the stakes linked to these countries and the important regional disparities in green value, future replications need to examine the identification of the effect in India, the Middle East, Africa, and Latin America rather than a yet another North American study. There is an urgent need for such studies because green value is associated more with new buildings than refurbishment and because buildings have long life spans (IEA, 2013b).
Concerning research linked to future meta-analyses of green value, it could be useful to explore other moderators especially the encoding of external variables capable of providing us with information about the appropriate conditions for the advent of green value. For instance, it might be worth investigating the impact of energy prices on the asset value of energy efficient buildings. Unfortunately, few hedonic studies provide this option due to the use of cross-sectional data and because energy prices are spatially invariant at local scale. Nonetheless, further meta-analyses could estimate this effect by capturing the energy price context of each study and including this variable as a moderator in the modeling. In this way, the meta-analysis would provide an alternative to panel data when considering the effect of energy prices on green building values. In the same vein, it might be worthwhile breaking down the causes linked to the geographical discrepancies of the green building premium. In particular, whether these differences reflect climatic, cultural, and socio-economic disparities or other factors such as regulatory constraints and sensitivity to environmental protection.
CONCLUSION
In this paper, we offer an estimate of the green building premium regardless of the time and place of the study. To achieve this goal, we have collected a large number of hedonic-price studies on this topic. At the end of this process, 54 studies successfully met the inclusion criteria specified in our meta-analysis. A large set of tests converges toward the existence of a substantial publication bias. Multiple models and several estimation methods lead us to the conclusion that the unconditional estimate of the green building value is likely to fall within the range of 3.5-4.5% of the price, which is half of the original estimation made with no correction for publication bias. Considering the great heterogeneity remaining, we have also explored several potential moderators in order to explain the spread of the results. This spread seems to be attributable mainly to the region of the study (North America, Asia, or Europe) then to the type of publication (published or grey literature), and the inclusion of spatial variables in the hedonic model. To a lesser extent, the effect size also depends on the type of estimator (OLS or other estimators), whether heteroskedasticity is treated, and the time period of analysis.
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